Introduction
An autologous arteriovenous fistula is the optimal vascular access allowing for repeated interventions for haemodialysis. There has been an increased trend towards the initial use of arteriovenous fistulas because other types of dialysis access, such as grafts and central venous catheters, were shown to be associated with an increased risk of failure and even mortality [1, 2] . Creation of arteriovenous fistula is undertaken well before the planned date for initiation of haemodialysis to allow for adequate maturation of the AVFs for cannulation. Forearm vessels are widely preferred for creation of AVFs due to the relative ease of the operative technique and avoidance to harm proximal vasculature for future attempts, whereas upper arm vessels were shown to have better patency in high risk patients [3] . Long-term patency of an arteriovenous fistula is dependent on many factors including patients' health status, vessel anatomy, medications and type of anastomosis [4] .
Risk of failure after surgical creation of the AVF was linked to the diameter and flow dynamics of the vessel that is to be quantified by preoperative ultrasound mapping [5, 6] . The recommended threshold for a successful AVF maturation is ≥ 2 mm for arterial diameter and ≥ 2.5 mm for venous diameter [7] whereas such quantification is subject to debate.
Various techniques have been described for the purpose of improving functional outcomes after AVF creation such as, new techniques for anastomosing or balloon angioplasty [8, 9] . Dilating the cephalic vein just before starting anastomosis, either using probes [10] or balloon angioplasty [11] , was recently reported to be effective in terms of better maturation. We used a different technique, consisting of prophylactic dilatation of the cephalic vein after completion of the anastomosis, in an effort to ensure a more sustainable increase in vein calibration and also in order to better observe the difference in flow before and after dilating the vein.
Material and methods
The study was approved by local ethics committee. All patients were informed about the procedure. In this retrospective cohort study, the study group was made up of patients who underwent Brescia-Cimino type radio-cephalic AVF creation in the years 2013-2015. Patients were among those referred to department from the nephrology departments. Patient eligibility criterion were as follows: age < 70 years, having advanced stage chronic renal failure, being candidate for haemodialysis within the next 6 months and having radial artery ≥ 1.5 mm and cephalic vein £ 2.5 mm in diameter at the level of wrist. The patients who underwent multiple vascular access operation, those with aneurysmatic venous segments on the target arm and advanced heart failure were not considered eligible for the study.
Twenty-three patients were considered eligible for the study. There were 15 women and 8 men with a mean age of 51.91 ± 9.24 years (range; 35-70 years). On admission, a duplex ultrasonography was performed by a radiologist. Functional patency of the AVF was defined as having 300 ml/min flow and achieving 4 hour haemodialysis session. Access failure within 60 days was defined as early fistula failure and delayed fistula failure was defined as failure to continue to access haemodialysis two months after the haemodialysis program was started.
All patients received local anaesthesia with bupivacaine and prophylactic antibiotics were given 20 minutes before the skin incision was made. The incision was made between the cephalic vein and pulsation of the radial artery at the level of wrist. The cephalic vein was confirmed to be ≤ 2.5 mm in diameter and radial artery was confirmed to be ≥ 1.5 mm in diameter. Using silastatic loops, the vein and the artery were brought close to each other. The vein was flushed and dilated with saline using a small calibre angiocath inserted as distal as possible without dividing the vein. All visible tributary veins were ligated. All anastomoses were created with continuous running 7.0 polyprolene in side-to-side fashion. After the anastomosis was completed, adequacy of thrill was assessed by palpation. The vessel loops were removed and the anastomosis was checked for leakage, if present, additional suturing was done. If sufficient thrill did not occur in the vein, a small calibre (2 F) Fogarty ® arterial embolectomy catheter (Edwards Lifesciences, Irvine, USA) was inserted into the vein through the distal of anastomosis and advanced beyond the level of wrist. The balloon of the catheter was inflated with 0.2 ml saline about 10 cm proximal of anastomosis and kept for several seconds without withdrawing. The balloon was deflated and the catheter was withdrawn a few centimetres distally and then inflated again. This was repeated until the balloon reaches the level of anastomosis with inflation being gradually reduced. At last, the vein was dilated just at the level of anastomosis and the catheter was withdrawn. The cephalic vein was ligated distal to the anastomosis and the vein palpated to assess adequacy of thrill (Figure 1 ).
Statistical analysis
All statistical analyses were performed using Medcalc statistical software. Visual histograms and analytical methods (Kolmogorov-Simirnov/Shapiro-Wilk's test) were used for determination of normal distribution. Continuous variables were defined by the mean ± standard deviations. A p value less than 0.05 was considered as statistically significant.
Results
Baseline patient characteristics are shown in Table 1 . Left side AVF creation was performed in 17 patients (73.9%) and right side AVF creation was performed in 6 (26.0%) patients. Non-dominant arm was used in 18 (78.2%) patients. None of the patients were receiving haemodialysis at the time of operation.
Mean cephalic vein diameter was 2.03 ± 0.28 mm (ranged from 1.50 to 2.50 mm) and mean radial artery diameter was 2.33 ± 0.16 mm.
After completion of the anastomosis, an adequate thrill was not present but there was moderate pulsatile flow in cephalic vein in 13/23 patients. A poor thrill was present in 4/23 patients. Six patients had neither thrill nor pulsatile flow in cephalic vein after completion of the anastomosis. Fogarty ® catheter dilatation resulted in an adequate thrill in 20/23 patients (86.9%), whereas remaining 3 patients only had marked pulsatile flow without having an adequate thrill on cephalic vein. Early complications were listed in Table 2 . Postoperative bleeding occurred in 1 patient and this patient underwent a second revision to control bleeding. The leak was repaired without repeating the anastomosis.
Three patients with acute venous thrombus underwent revision surgery for removal of the thrombosis. Opening the ligation of vein at distally to the anastomosis site, the thrombus was removed using an appropriate sized 
Fogarty
® arterial embolectomy catheter. The cephalic vein was flushed with saline. Two of these patients did not benefit from thrombectomy and a brachio-cephalic AVF was created on the ipsilateral side two weeks after the operation. Thus, at 15 th day visit, 21 of 23 patients (91.3%) had patent AVFs on the examination of thrill and bruits.
Mean time of follow-up was 7.2 ± 1.67 months and was complete in 20 of 21 patients who discharged with a patent radio-cephalic AVF. In two patients AVFs failed within 60 days, duplex ultrasound revealed no thrombus formation within the cephalic vein lumen. These patients underwent a second operation for brachio-cephalic AVF creation, thus overall patency was 18/23 (78.2%). Patients with patent AVF's received their first haemodialysis at a mean time of 4.94 ± 0.99 weeks (range 3.00 to 7.00 weeks) after the operation. None of the patients had extra complications including arm oedema, hand ischaemia, infection and venous aneurysms. None of the patients had delayed fistula failure during follow-up.
Discussion
Our study showed that balloon dilatation of the cephalic vein during radio-cephalic AVF creation allows for creation of a patent fistula without adding too much risk of complications in a selected group of patients. Using this technique, we achieved encouraging results in a small group of patients where we followed certain criterion for eligibility. Patients with advanced age, those with a history of failed attempts for AVF creation and those having several systemic diseases were not considered suitable for the study in order to ensure the technical advantage and efficacy of the technique before extending its usage to more complicated cases. In addition, patients in this study were not of advanced age and they would likely to continue on haemodialysis in long-term. This was why we insisted on performing the procedure at the level of wrist allowing upper arm veins remain intact to be used in future interventions for access.
Flushing the vein with heparinized saline is widely used and is often done before starting the anastomosis. It allows not only testing the vein against resistance, but also distending it throughout its course in the arm [12] . Using the technique described here, we achieved relatively more controlled and more sustainable vein distension because the cephalic vein could be equally distended from its origin to the site of anastomosis. The technique provided transmitting a near-equal pressure in every few centimetres of the vein, which may not always possible with saline flushing due to tributary branches. We recommend being cautious when distending the vein over the site of anastomosis to preclude inadvertent bleeding from suture line and rupturing. Inflating the catheter's balloon slightly will be sufficient to achieve improved flow.
Mendes et al. [5] conducted a vein mapping study on 44 patients undergoing Brescia-Cimino radiocephalic AVF creation and proposed that wrist fistulas should be avoided in patients having a cephalic vein size of 2.0 mm or less. Some authors suggested that adequacy of the pre-operative radial artery diameter should be the main concern in construction of wrist AVFs [13] whereas some others claimed that venous diameter was the major predictor of fistula maturation [14] .
However, it is still controversial that the diameter of the vein may be taken as the only parameter to define the threshold for creation of a successful wrist fistula. Kheda et al. suggested that arterial elasticity was more important than venous dilatation to achieve an adequate blood flow after AVF creation [15] . Also, since venous diameter is not constant but may even show daily changes [16] , the elasticity and the distensibility of the vein have also been regarded as important features to define the adequacy for AVF creation [17] .
The increasing knowledge of the potential complications related to central venous catheters and graft fistulas have led to the development and widespread use of endovascular therapies for saving failed fistulas [18] . Interventional radiology procedures consisting of balloon dilatation of the stenosed and thrombosed veins have increased in popularity because such methods are appealing in avoiding the need for surgical reinterventions [19] . Although data is limited, peripheral stenting was also reported to be useful in patients with unsatisfactory outcomes after balloon angioplasty [20] . From this point of view, prophylactic dilatation of small calibre veins during the wrist AVF creation sounds plausible in an effort to give patients the best possible chance before proceeding to use upper arm veins or other alternatives. Our study was not the first reporting intraoperative use of balloon dilatation during AVF creation. Garcia et al. [21] performed the technique in a similar manner to our, but just before starting the anastomosis. They implemented a subsequent balloon dilatation program consisting of sequential angioplasty for maturation of the veins. At 6 months follow-up, 47 of 55 patients (85.4%) achieved a working AVF at the initial site of the operation. Given that success rates we obtained was similar to reported in this study, the technique we adopted seems as effective as that they described whereas being technically less demanding.
In a more recent study, Fila et al. [10] described an alternative way for distending the veins using vessel probes again before beginning the anastomosis. The authors implemented the technique they adopted in patients having veins smaller than 2 mm in diameter. Although the technique seems affordable, this study did not report excellent outcomes in primary patency rates.
Laskowski et al. [22] reported a study with interesting results, where they performed regional nerve block to provide venous dilatation before AVF creation. In nearly one-third of patients, regional nerve block changed the decision for creating the vascular access from catheter placement towards AVF creation, based on intraoperative ultrasound imaging. This method seems promising, especially if it would be combined with the technique we described herein.
The main limitations of our study are as follows; low number of patients, lack of randomization and control group. The technique was used in a selected group of patients and this fact restrains the generalization of the results.
Conclusions
Given the potential and life-threatening complications of central venous catheters and graft fistulas, every effort should be undertaken to achieve a wellfunctioning AVF. In patients with end-stage renal failure, especially in those having a longer life expectancy, upper arm vessels should be preserved as much as possible for future interventions. Intraoperative dilatation of the cephalic vein after completion of the anastomosis is likely to offer a similar method with potential benefits.
Further study is warranted to establish the generalizability in different patient groups.
